Nanoparticles of MFe 2 O 4 (M=Mn, Co and Ni), with diameters ranging from 5 to 10 nm, have been obtained through a solvothermal method. In this synthesis, an alcohol (benzyl alcohol or hexanol) is used as both a solvent and a ligand; it is not necessary, therefore, to add a surfactant, simplifying the preparation of the dispersed particles. We have studied the influence of the synthetic conditions (temperature, time of synthesis and nature of solvent) on the quality of the obtained ferrites and on their particle size. In this last aspect, we have to highlight that the solvent plays an important role on the particle size, obtaining the smallest diameters when hexanol was used as a solvent. In addition, the magnetic properties of the obtained compounds have been studied at room temperature (RT). These compounds show a superparamagnetic behaviour, as 
Introduction
The synthesis of nanostructured magnetic materials has become an important area of research and is attracting growing interest, not only in answering basic research questions, but also in technological applications and in biosciences [1] , [2] , [3] and [4] .
In particular, the nanometer-scale MFe 2 O 4 (M=Mn, Fe, Co, Ni,…) spinel ferrites and their dispersions in various substances are among the most important magnetic materials, which have been widely used for studies of nanomagnetism and have shown great potential for important technological applications in many fields such as highdensity information storage, ferrofluids, colour imaging, catalysis, biomolecule separation, medical diagnosis, drug delivery and so forth [5] , [6] , [7] , [8] , [9] , [10] , [11] , [12] , [13] and [14] .
It is well known that the magnetic and electrical properties of MFe 2 O 4 nanoparticles can be varied by changing the identity of the divalent M 2+ cation or by partial substitution, while maintaining the basic crystal structure. Additionally, the magnetic properties of the nanoparticles are strongly dependent on their shape, size and crystallinity. To use MFe 2 O 4 ferrites for future magnetic nanodevices and biomedical applications, sizetuned ferrite particles with diameters ranging from the superparamagnetic threshold at room temperature of <10 nm to the critical single-domain size of 70 nm are needed [15] , [16] and [17] . For many of the applications, such as magnetic carriers in bioscience, their size is limited to a very narrow margin of values (from 5 to 10 nm) in order to attain a compromise between magnetic moment and absence of magnetic memory: superparamagnetic particles must be smaller than 10 nm, but their magnetic moment decreases drastically below about 5 nm [18] .
Many investigations have been focused until now, not only on the controlled synthesis of ferrite nanoparticles, but also on the correlation between their magnetic properties and either the particulate properties and/or the synthetic conditions [7] , [11] , [19] , [20] , [21] , [22] , [23] , [24] , [25] , [26] , [27] and [28] . Although significant progress has been made in this respect, systematic and profound understanding remains challenging, which justifies any effort to find a simple and costeffective way for the production of sized-tuned monodisperse nanoparticles [29] .
Techniques such as sol-gel [30] , coprecipitation [31] , [32] and [33] , mechanochemical processing [34] and [35] , microemulsion [26] , [36] and [37] and microwaves [38] have been commonly used to prepare ferrite nanoparticles. But, until now, the most economical ways for the production of large quantities of nanosized ferrite particles are chemical precipitation [39] and solvothermal synthesis [11] , [19] , [40] , [41] and [42] . In general, solvothermal synthesis offers many advantages over other methods, such as its simplicity, the high crystallinity of the obtained products at relatively low temperature (T~180 °C), the capability to control crystal growth and its adequacy for the preparation of large quantities of samples. Hydrothermal synthesis-a specific solvothermal method where water is employed as a solvent-has been employed since the end of the 19th century for the synthesis of different ferrites [43] , [44] and [45] , but the experimental conditions for these syntheses are sometimes poorly defined [46] . Most of these preparations involve a combination of coprecipitation and hydrothermal synthesis [18] . An innovation to the hydrothermal method is the introduction of microwaves during the hydrothermal synthesis to increase the kinetics of the ferrite particles formation [47] . Another solvothermal synthesis method-in non-aqueous solvent-that has been used to prepare MFe 2 O 4 (M=Fe, Co, Mg, Cu, Ni, Zn) [48] and [49] ferrites is based on the partial reduction of the reagents by ethylene glycol with the presence of NaAc and polyethylene glycol (PEG). In this so-called polyol process [50] the ethylene glycol serves both as a reducing agent and as a solvent, while NaAc and PEG were used for electrostatic stabilization to prevent particles from agglomeration and as a protective agent respectively. Pinna et al. [51] have recently developed a solvothermal method for the synthesis of metal oxide nanoparticles that employs benzyl alcohol as a solvent and a ligand at the same time, instead of the mixtures of solvents and ligands used before. Therefore, the use of surfactants to prevent agglomeration has been avoided. This solvothermal method simplifies even more the synthesis of the dispersed nanoparticles. In this aspect, we have to highlight the Niederberger works using the benzyl alcohol as a solvent system to prepare nanocrystals of different metal oxides, such as BaTiO 3 , CeO 2 , NaNbO 3 , etc. [52] .
In the present work, we have employed an adaptation of the solvothermal synthesis of Table 1 . Then, the autoclave was cooled naturally to room temperature, after centrifugation at 5000 rpm for 30 min, the supernatant liquids were discarded and the remaining products were washed thoroughly with ethanol to remove the excess of ligands and air-dried at room temperature. The crystal structure of the obtained materials was studied by X-ray powder diffraction (XRD) in a Siemens D-5000 diffractometer at room temperature and using CuKα radiation (λ=1.5418 Å). The X-ray diffraction patterns were obtained in the 2θ range of synthesized in benzyl alcohol). In the XRD pattern of that sample we observe the presence of extra peaks, marked with arrows in Fig. 1(c) , which correspond to the diffraction of metallic Ni with cubic structure (JCPDS No. 00-065-2865). We attributed the presence of metallic nickel to the reducing power of benzyl alcohol, which is able to reduce part of the Ni 2+ to the Ni 0 form [54] . However, through substituting benzyl alcohol with hexanol, an alcohol with a lower reducing power, and maintaining the rest of the reaction conditions, we have obtained the desired NiFe 2 O 4 phase (see Fig. 1(f) ).
Another interesting feature of the XRD patterns is the effective line broadening observed for all the samples, indicating the fine nature of the nanoparticles. The morphology of the particles was studied in more detail by TEM, which reveals that we have obtained nanoparticles with spherical-like morphology and uniform sizes, ranging from 5 to 9 nm. In Fig. 2 and Fig. 3we show some representative TEM micrographs of the ferrite nanoparticles obtained under different synthesis conditions;
in Table 1 we summarize the average grain size deduced from TEM results for all the samples.
Comparing the ferrite samples that contain different metal cations, but prepared in similar synthetic conditions (see samples Mn-2, Co-4 and Ni-2 in Table 1 and in Fig. 2(a)-(c)), we observe a tendency of the particle size to increase when the ionic radii of the transition metal cation decreases.
Another interesting observation is the increase of the particle size with the reaction However, when the reaction temperature was increased from 180 to 190 °C, the size of the nanoparticles did not appreciably changed, as we observe for Co-1 and Co-3 samples (seeTable 1). One of the most interesting results concerning this synthesis is the influence of the solvent on the size and agglomeration of the particles. We have observed through TEM that hexanol leads, in general, to the formation of slightly smaller ferrite particles than does benzyl alcohol. For example, as we can see in Table 1 and Fig. 2 and Fig. 3 , MnFe 2 O 4 nanoparticles with a diameter of 5.0±0.8 nm were obtained using hexanol.
However, using benzyl alcohol in similar conditions, we obtain particles of 7.4±0.8 nm.
Similarly, we have prepared CoFe 2 O 4 nanoparticles of 5.9±0.6 nm using hexanol, but nanoparticles of 7.6±0.8 nm using benzyl alcohol. The different broadening in XRD patterns confirms these TEM results: the line broadening in XRD patterns is higher for the ferrites prepared with hexanol ( Fig. 1(d)-(f) ) compared with the analogous samples prepared with benzyl alcohol (Fig. 1(a)-(c) ). To explain these results, we have to consider the reaction mechanism in this solvothermal synthesis. This mechanism should be similar to that recently reported for the reaction of Fe(acac) 3 in benzyl alcohol to yield magnetite nanocrystals [52] : the main reaction occurs upon solvothermal treatment, involving solvolysis of the acetylacetonate, followed by aldol condensation reactions. In the first step, benzyl alcohol nucleophilically attacks one carbonyl group of the acetylacetonate ligand. In our case, the higher Lewis basicity of hexanolcompared with benzyl alcohol-enhances the solvolysis of the transition metal acetylacetonate species. As a consequence, the nucleation-reaction is faster and favoured with respect to the growth-reaction, and leads to the formation of smaller nanoparticles when using hexanol rather than benzyl alcohol.
Furthermore, we have observed appreciable differences in the stability of the ferrite suspensions prepared in hexanol compared to those prepared in benzyl alcohol. In general, the suspensions of the particles in hexanol remain stable for several days without precipitation, being more stable than the analogous in benzyl alcohol, which precipitate in minutes or hours. The clearest example is the case of the Field-dependent magnetization of the synthesized nanoparticles was measured at room temperature (300 K), and by varying the magnetic field up to ±10 kOe. Fig.   6 and Fig. 7 display the field-dependent magnetization curves obtained for several representative samples. In Fig. 6 we show the hysteresis loops measured for three MFe 2 O 4 samples (M=Mn, Co, Ni) which have similar particle size (φ~7 nm),
while Fig. 7compares the magnetic behaviour of three CoFe 2 O 4 ferrite samples with different particle sizes. In addition, the values of the magnetization at a maximum field of +10 kOe for all the samples are summarized in Table 1 . All these measurements indicate that the ferrites exhibit superparamagnetic behaviour, as was expected for particles smaller than 10 nm [16] and [18] . We can also observe that the magnetization rises as the applied field increases, and reaches almost saturation point near the maximum applied field (±10 kOe).
Comparing samples that have different particle sizes, for example all the CoFe 2 O 4 samples, we observe magnetization values of M 10 kOe =58.4, 56.6, 55.4 and 50.2 emu/g for particles with diameters of 8.9, 7.6, 7.1 and 5.9 nm, respectively, which means a clear correlation between the decrease of the saturation magnetization and the decrease of the particle size, as was expected for these superparamagnetic particles [18] and [55] . These results confirm the capacity to control the magnetic properties of the nanoparticles by means of a simple variation of the solvothermal synthesis conditions.
All maxima magnetization for the prepared samples were very different to the reported values of the saturation magnetization for bulk ferrites (~80 emu/g) [52] , as was expected for particles much smaller than the single domain size (~70 nm) [16] .
However, the maxima magnetization of our particles are comparable, or even higher, to those reported for superparamagnetic ferrite nanoparticles prepared using another different methods and with similar particle sizes [19] , [20] , [21] , [24] , [26] , [33] , [48] and [49] . We have to take into account that the magnetic properties of such small nanoparticles are highly dependent on the surface effects (i.e. spin-canting [25] ), that become more dominant as the size of the particles are smaller [25] . The achieved values of the maxima magnetization of these nanoparticles are related to their crystallinity, even near their surface.
Conclusions
We have confirmed that the previously described solvothermal method for the synthesis of 
